Fuzzy multiple attributes and multiple hierarchical decision making  by Hon, Cheng-Chuang et al.
Pergamon 
Computers Math. Applic. Vol. 32, No. 12, pp. 109-119, 1996 
Copyright(~)1996 Elsevier Science Ltd 
Printed in Great Britain. All rights reserved 
0898-1221/96 $15.00 + 0.00 
PII: S0898-1221 (96)00211.8 
Fuzzy Multiple Attributes and Multiple 
Hierarchical Decision Making 
CHENG-CHUANG HON, YUH-YUAN GUH, Kou-MING WANG 
Department of Industrial Engineering, Yuan-Ze Institute of Technology 
Chung-Li, Taiwan, R.O.C. 
E. S. LEE* 
Department of Industrial Engineering, Kansas State University 
Manhattan, KS 66506, U.S.A. 
(Received February 1996; accepted March 1996) 
Abst rac t - -A  procedure is proposed to solve the multiple attributes and multiple hierarchical 
system under fuzzy environment. The approach isbased on: 
(1) fuzzy representation; 
(2) hierarchical performance evaluation structure, 
(3) gradient eigenvector method for rating the fuzzy criteria weighting, and 
(4) using the max-min paired elimination method for aggregation. 
To illustrate the approach, an example on the evaluation ofteaching performance in higher education 
is solved. 
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1. INTRODUCTION 
Group decision for a multiple attribute and multiple hierarchical system is complicated, not only 
due to the hierarchical structure and the multipersonal opinions, but also due to the vague and 
often incomplete information available. In this paper, we propose a fuzzy approach based on 
the max-min paired elimination method for aggregation and the gradient eigenvector method for 
obtaining consistency of the weights. 
The opinions from the different experts are first converted into fuzzy numbers which are rep- 
resented by the different a-cut levels. The weighting criteria of these a-cuts are then obtained 
by the gradient eigenvector method. Finally, the various criteria and weights are aggregated by 
the max-min paired elimination method to obtain the final overall rating. 
After summarizing the steps and procedures, an example on the evaluation of teacher perfor- 
mance in higher education is presented to illustrate the approach. 
2. PERFORMANCE EVALUATION OF A MULT IPLE  ATTRIBUTE 
H IERARCHICAL  SYSTEM 
In order to make a decision among the different alternatives by considering the various at- 
tributes which are given by several experts, we must consider the following aspects: 
(1) the interrelationships of the different attributes, 
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(2) the ratings of the attributes under each alternative, 
(3) the weights of each rating, and 
(4) the aggregation of each rating together with its weights. 
Finally, based on this aggregation, a decision can be made to choose the desired alternative. 
The interrelationships among the various attributes are best expressed by the use of a hierar- 
chical structure as that illustrated in Figure 1. Under this type of hierarchical structure, only 
the criteria for the bottom level are given by the experts. The other criteria not in the bottom 
level can be obtained by the use of some kind of aggregation as that mentioned in (4) above. 
Level 1: 
Level 2: 
Level 3: 
Total Pete  
Criter ion 1 Criteritm 2 . . .  Cr i ter ion 
11 12.. .  l nl 21 22. . .  2n2 ml m2... ~n,, 
Figure 1. A hierarchical system. 
The ratings and the weights of the attributes or the criteria for the bottom level are usually 
given by the experts in intervals. These intervals are ideally suited to be converted into fuzzy 
numbers. Depending on the treatment of the level of confidence, several approximation schemes 
can be used to formulate this fuzzy number. One of the approximation scheme to be used in the 
present approach is discussed in the next section. 
Another problem is the treatment of consistency and bias in the fuzzy weights. Since the 
weights are assigned by different experts, bias and inconsistency in the assigned weights cannot 
be avoided. Since we used a hierarchical structure, pairwise comparison proposed by Saaty [1-3] 
in his analytic hierarchical process is an ideal approach. However, in order to treat fuzzy numbers, 
the gradient eigenvector method, which is essentially an extension of Saaty's approach for fuzzy 
systems, proposed by Xu and Zhai [4] will be used in the present approach. 
In order to aggregate the various attributes in the different levels, the max-min paired elimi- 
nation method will be used. This approach is based on the extension principle with the use of 
~-cuts  originally proposed by Dong and Wong [5]. The max-min paired elimination approach is 
an improvement of the original one and is proposed by Honet  al. [6]. 
3. FUZZY CRITERIA  RAT ING 
After the hierarchical performance evaluation structure has been constructed, the rating score 
on each criterion located in the bottom level of the structure can be obtained from the experts. 
Under the multiple criteria and group decision making environments, the rating scores given by 
the experts are generally in intervals, which can be expressed as [aijl, aij2], where j = 1, 2 , . . . ,  n, 
where n is the number of experts, and i -- 1, 2, . . .  ,m, where m is the number of the bottom 
attributes or the bottom criteria. 
Notice that there are not only uncertainties due to the intervals given by the experts, there 
are also uncertainties due to personal biases or personal viewpoints. To handle these various 
uncertainties, fuzzy numbers can be used. One way to convert hese rating intervals into fuzzy 
numbers is illustrated in the following. 
(1) Representing the rating score for criterion i from n experts as the interval [a~jl, aij2], where 
j=1 ,2  . . . . .  n. 
(2) Mixing the upper and lower bounds for all the intervals listed in Step (1) for criterion i
and sorting in ascending order. The series now consists of 2n crisp numbers which can be 
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expressed as: 
a(1) ~ a(2) ~_ . . .  ~ a(2n). 
(3) Taking the arithmetic or geometric mean of each pair, start ing from the first number of 
the series, these mean values are: 
(4) Separating the numbers in the series listed in Step (3) by means of max-min pairs, and 
thus, we obtain the intervals of confidence on different level of a value as: 
0~----1, 
k-1  a- -  
k 
1 
OL----~, 
a(1) ~--- [ak ,ak+l ] ,  
a (k -1 /k )  = [ak- l ,ak-t -2]  , 
a(1/k) = [a l ,a2k] .  
4. FUZZY CRITERIA  WEIGHTING:  
GRADIENT E IGENVECTOR METHOD [4] 
If the elements, a{j, in the matr ix  A are consistent, i.e., (a{j = aikakj), then the matr ix  A can 
be represented by an upper tr iangular matr ix  A I. In the pairwise comparison of fuzzy numbers, 
instead of crisp numbers, the relative fuzzy matr ix  is also an upper tr iangular matr ix  A, where 
the element, 5ij, is the fuzzy pairwise comparison element• 
[1 al a13 ain ] 1 23 • • • 2n  
At= 1 . . .  an  
°°, o 
nxn 
~= 
1 a12 a13 
1 a23 
1 
"  _1°1 
• • • a2n I 
"'" Ctin ]"° . 
nXn 
A fuzzy number,  say ~,  can be expressed in terms of the interval of confidence for each level of 
a-cut. For example, ~(a) -- [w~ a), w (a)] represents the interval of confidence for a certain a value, 
where 0 <: a < 1. Thus, the fuzzy judgement matr ix  for a certain specified a value can be shown 
1 5,23(a)  . . .  
~.(~) = 1 . . .  a3 (a) =~ 
- ° 
i (,~) a(~)] ra(o) a(.)l "1 [a12,, 12~j L13~, 13~j 
r (,:,) (~)l 
1 L~,, ~3~J 
-4(a) : 
nxn 
ra(o) a(o) 1 
"'" [ ln1' ln2J 
ra(~) a(~)l "'" [ 2~,  2~]  
[a (~) a(~)l 
1 
nX'?l 
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We can apply the gradient eigenvector method to estimate the corresponding weighting for 
each a value. The procedure is summarized in the following. 
(1) The interval of confidences for 5ij(~) and @j(a) can be expressed as: let 
a id(a )= L ~3~ ' ~3~ j ' 
[w! a) 
"&J(~) =L ,, 'w;~)] ' i , j  = 1,2 , . . . ,n .  
(2) The weighting of the criteria can be calculated as: 
( ) 
j= i+ l  LJ=i+l j= i+ l  
n (s (a,~<a)))-' 
st. t~j > O, ~ tit = 1, tit = 
j=i+l Eye=,+1 (L (a,3(,~))) -1" 
Where the value of the coefficient L(gij(a)) is decided by the decision maker. For example, 
r (,~) <a)l we can set L((zij(e)) to be half of the range of the interval of confidence [aij  1 ,ai j2j , that is: 
L(a~¢. )  = (1 /2 ) (d~)  - - (~) '  c~ij 1 ). 
(3) Normalizing the comparative criteria weighting, we have: 
WQ W j2 
Wi l  = n , Wj2 -- n " 
Ej=I  WJ2 Ei=I Wil  
5. PERFORMANCE EVALUATION OF TEACHERS 
IN H IGHER EDUCATION 
To illustrate the approach, teacher performance valuation in higher education in a group 
decision environment is solved. The three-level hierarchical structure is shown in Figure 2. 
I Total 
Performance I 
I [' I 
I II A, ,,o o I [ I I Project I 
Figure 2. Teaching performance evaluation hierarchy. 
To simplify notation; let A0 represent the total performance; A1, A2, A3 represent the perfor- 
mance of teaching, service, and research, respectively; All, A12, A13 represent the performance of
teaching contents, teaching methods, and teaching attitude, respectively; and A31, A32, A33 rep- 
resent he performance of research papers, research projects, and research awards, respectively. 
In order to obtain objective results, three leaders or experts in the field are invited to give 
judgements on three teachers. These experts give both the performance criteria and the weighting 
on the criteria. Based on Saaty's pairwise comparison scale of 1/9 to 9, the range for the 
weighting interval [wijl, w~j2] is chosen as [wijl, w~j2] C_ [0.1, 9.0] and the results are summarized in
Tables 1-3. The range for the criteria for performance, [ci, di], is chosen as [ci, di] C [60, 100] and 
the results for the three teachers are summarized in Table 4. 
Following the procedure discussed in the previous ection, the above judgement intervals can 
be converted into different a-cut levels of fuzzy numbers. For example, the judgement intervals 
Fuzzy Multiple Attributes 113 
Table 1. Pairwise comparison matrix for 
A1 1 
A2 
A3 
A1, A2, A3. 
A1 A2 
[1.1,1.5] 
[1.2,1.81 
[1.4,1.6] 
A3 
[1.5,2.5] 
[1.8,2.3] 
[1.7,2.2] 
[1.2,1.6] 
1 [1.0,1.51 
[1.4,1.8] 
1 
Table 2. Pairwise comparison matrix for 
All, A12,A13. 
An  A12 
[1.0,1.41 
All 1 [1.2,1.3] 
[1.0,1.5] 
AI2 
A13 
A13 
I1.3,2.o] 
[1.1,1.8] 
[1.5,1.7] 
[1.8,2.1] 
1 [1.5,2.2] 
[1.2,2.0] 
1 
Table 3. Pairwise comparison matrix for A31, A32, A33. 
A33 
[2.3,3.0] 
A31 [2.5,2.9] 
[2.2,2.71 
[1.0,1.4] 
A32 1 [0.9,1.2] 
[0.8,1.3] 
1 A33 
A31 A32 
[1.5,2.1] 
1 [1.6,2.0] 
[1.8,2.2] 
Table 4. Performance criteria for the three teachers. 
AIi AI2 AI3 A2 A31 A32 A33 
[80,85] [85,90] [78,82] [78,84] [80,85] [80,85] [70,751 
Teacher A [82,861 [86,92] [80,851 [80,851 [78,84] [78,841 [72,771 
[79,84] [82,871 [79,841 [77,821 [82,881 [77,82] [73,76] 
[80,851 [75,80] [81,861 [75,80] [85,90] [81,861 [80,85] 
Teacher B [81,87] [79,84] [80,84] [72,79] [82,87] [80,85] [77,82] 
[78,86] [77,83] [79,83] [74,78] [86,921 [83,881 [78,84] 
[82,881 [83,88] [80,85] [85,90] [75,80] [74,781 [72,77] 
Teacher C [85,90] [85,90] [82,86] [83,88] [76,79] [70,75] [70,75] 
[80,86] [84,89] [81,84] [82,86] [73,78] [73,76] [73,761 
for the element ~12 given by the three experts are [1.0,1.5], [1.2,1.8], [1.4,2.0], which can be first 
converted into the ascending order series: 
1.0 < 1.2 < 1.4 < 1.5 < 1.8 < 2.0 
and finally obtain the c~-cut interval of confidence: 
2 1 
a=l  [1.4,1.51, a= ~ [1.2,1.8], a= ~ [1.0,2.0]. 
In the same way, we can convert all the original judgement intervals into different level of 
a-cuts interval of confidence. The results are summarized in Tables 5-8. 
By the use of the gradient eigenvector method iscussed in the previous ection, we can estimate 
the comparative criteria weighting by the use of the data in Tables 5-7. For example, for a = 1, 
the judgement matrix for criteria A1, A2, A3 is: 
114 C.-C. HONet al. 
A1 
A2 
A3 
A1 
1 
A2 A3 
[1.4,1.5] [1.8,2.2] 
1 [1.4,1.5] 
1 
Table 5. c~-cut confidence levels matrix 
for A1, A2, A3. 
At 
1 
2 
At ~ 1 
1 
1 
2 
A2 
1 
A3 
A2 A3 
[1.4,1.5] [1.8,2.2] 
[1.2,1.6] [1.7,2.3] 
[1.1,1.8] [1.5,2.5] 
[1.4,1.51 
1 [1.2,1.61 
[1.o,1.81 
1 
Table 6. s -cut  confidence levels matrix 
for All, A12, A13. 
An  
1 
2 
All ~ 1 
1 
1 
2 
At2 
1 
AI3 
A12 AI3 
[1.2,1.3] [1.5,1.7] 
[1.0,1.4] [1.3,1.8] 
[1.0,1.5] [1.1,~.0] 
[1.8,2.0] 
1 [1.5,2.11 
[1.2,2.2] 
1 
Table 7. a-cut  confidence levels matrix for A31, A32, A33. 
A31 
1 
2 
A31 ~ 1 
1 
1 
2 
A32 
1 
A33 
A32 A33 
[1.8,2.0] [2.5,2.7] 
[1.6,2.1] [2.3,2.9] 
[1.5,2.2] [2.2,3.0] 
[1.0,1.21 
1 [0.9,1.3] 
[o.8,1.4] 
1 
Table 8. c~-cut confidence l vels performance criteria. 
All A12 
1 [82,84] [86,87] 
Teacher A 2 [80,85] [85,90] 
3 
1 [79,86] [82,92] 
1 [81,85] [79,80] 
2 [80,86] [77,83] Teacher B 
1 [78,87] [75,84] 
1 [85,86] [85,88] 
2 
Teacher C ~ [82,88] [84,89] 
1 
[80,90] [83,90] 
A13 A2 A31 A32 A33 
[80,82] [80,82] [82,84] [80,82] [73,75] 
[79,84] [78,84] [80,85] [78,84] [72,76] 
[78,85] [77,85] [78,88] [77,85] [70,77] 
[81,83] [75,78] /86,87] [83,85] [80,82] 
[80,84] [74,79] [85,90] [81,861 [78,84] 
[79,80] [72,80] [82,92] [80,88] [77,85] 
[82,84] [85,80] [76,78] [74,75] [73,75] 
[81,85] [83,88] [75,79] [73,75] [72,76] 
[80,86] [82,901 [73,801 [70,78] [70,77] 
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The procedure to estimate the comparative weighting Wl(a),  ?~2(a), W3(a) for criteria A1, A2, A3 
is described in detail in the following. 
STEP 1. The interval of confidence for 5ij(~) and ~j(a) can be expressed as: 
[~(~) .(~)I : [1.4,1.5], 121 ' ~122J 
[a (~) a (a)] = [1.8,2.2], 131 ' 132J 
[a (a) .(~)1 = [1.4, 1.5], 231, ~232J 
Wl(a) = [W~?),W~:)] ,
[o (~) w(~)1 ~2(~) = L~21 , ~ j ,  
rw(o) w(o)] 
?~3(~) = L 3, , 32 J" 
STEP 2. The weighting of the criteria can be calculated as: 
1/o.o5 4 
1(1 .5_  1.4) = 0.05, t12 = = - ,  
L (g12(~)) = ~ 1/0.05 + 1/0.2 5 
1/o.2 1 
1(2.2 -- 1.8) = 0.2, t13 = = - ,  L (513(~)) = ~ 1/0.05 + 1/0.2 5 
1 
L (523(~)) = ~(1.5 - 1.4) = 0.05, t23 = 1, 
W (a) = t23 k 231] W ~--- 1 × 1.4 X W ) 21 
=-x l .4x  w ) +~x l .8x  w ) =1.928 w ) 
5 
~2= '(~)=t23~,a23=) w = lx l .5x  w ) 
w(~) =t12 / (~)~ (w(~)~ { (~)~ ( ) 
=-x l .5x  \  22 )+5 x2 .2x  w =2.240  w ) . 
From equation (a), we have: 
Wll  : W21 : W31 = 1 .928  : 1.4 : 1. 
From equation (b), we have: 
w12 : w22 : w32 = 2.240 : 1.5 : 1. 
STEP 3. Normalize the comparative criteria weighting, we have: 
E wQ = Wll q- w21 -~- w31 ~-- 1.928 + 1.4 + 1 = 4.328, 
E wj2 = w12 + w22 + w32 = 2.240 + 1.5 + 1 = 4.740. 
Normalize the weight coefficients, we have 
1.928 1.4 1 
Wll :w21 :w3~ = 4.74------6 : 4.740 : 4.74----O 
2.240 1.5 1 
w12 : w22 : w32 ---- 4.328 : 4.328 : 4.328 
= 0.407 : 0.295 : 0.211, 
= 0.518 : 0.347 : 0.231. 
(a) 
(b) 
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Table 9. a-cut  interval of confidence for A1, A2, A3. 
a=l  
2 a - - -~  
1 
~ = "~ 
A1 A2 A3 
[0.407,0.518] [0.295,0.347] [0.211,0.231] 
[0.305,0.656] [0.237,0.427] [0.198,0.267] 
[0.221,0.899] [0.174,0.551] [0.174,0.306] 
Table 10. a-cut  interval of confidence for All, A12, A13. 
a----1 
2 
3 
1 a~ w 
3 
All A12 A13 
[0.366,0.485] [0.340,0.422] [0.189,0.211] 
[0.255,0.622] [0.271,0.537] [0.181,0.256] 
[0.193,0.843] [0.199,0.654] [0.166,0.297] 
Table 11. a-cut  interval of confidence for A31, A32, A33. 
a- -1  
2 
3 
1 
A31 A32 A33 
[0.453,0.614] [0.211,0.289] [0.211,0.241] 
[0.358,0.752] [0.176,0.348] [0.196,0.268] 
[0.306,0.878] [0.147,0.404] [0.184,0.288] 
For a given a value, the comparative weighting interval of confidence for each criterion .4~(~) 
[w (~) w (a)] thus the calculated results are summarized as: is set to bei?d~(~)----L i, , i2 J, 
A1 (teaching) A2 (service) A3 (research) 
l~i(a) [0.407,0.518] [0.295,0.347] [0,211,0.231]. 
In the same way, we can calculate all the other weighting intervals at different levels of c~ values. 
The results are summarized in Tables 9-11. 
Now we can calculate the overall performance of the three teachers by the use of the max-min 
paired elimination method which was discussed in detail in [6]. To illustrate the procedure, we 
shall obtain the overall teaching performance for Teacher A and at the confidence level, a = 1. 
The rating criteria and their corresponding weighting factors for Teacher A at a = 1 are as 
follows. 
i ---- Al l  A12 A13 
Criterion i [82,84] [86,87] [80,82] 
Weight i [0.366,0.485] [0.340,0.422] [0.189,0.211] 
According to the rules of max-min paired elimination method, there are only two loops with 
four steps each. The detailed procedure is summarized in the following: 
Lower Bound: find min {fL} .  
Loop 1. 
(1) Choose the smallest and the largest criteria coefficients. ($ min, $ max represent the 
smallest and the largest criteria coefficients). 
(2) Choose cl which matches al and choose dn which matches an, (A represents he weighting 
factor used). 
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ai 
[ci ,  d i ]  
(3) Calculate a' and w'. 
J, max I rain 
82 86 80 
[0.366,0.485] [0.34,0.422] [0.189,0.2111 
A A 
86 x 0.34 + 80 x 0.211 46.12 
a'  = = -- 83.70, 
0.34 + 0.211 0.551 
c '  = d '  = w '  = 0.551. 
(4) First delete coefficients 86 and 80, and their corresponding weighting factors [0.34,0.422] 
and [0.189,0.211]; then replace with a ' = 83.70 and c ~ = d t = 0.551. 
LooP  2. 
(1) 
(2) 
1 min J, max 
ai 82 83.70 
[ci, di] [0.366, 0.485] [0.551, 0.551] 
A A 
(3) Calculate a '  and w'. 
83.70 x 0.551 + 82 x 0.485 85.89 
a'  -- - - -  - 82.91, 
0.551 + 0.485 1.036 
c '  = d ~ = w ~ = 1.036. 
(4) First delete coefficients 82 and 83.70, and their corresponding weighting factors [0.366,0.485] 
and [0.551,0.551]; then replace with a ~ = 82.91 and c ~ -- d ~ -- 1.036. 
Thus, we obtain the final solution for the lower bound as min{fL} = 82.91. 
Upper Bound: find max{fu} .  
LooP  1. 
(1) Choose the smallest and the largest criteria coefficients. (1 min, ~ max represent he 
smallest and the largest criteria coefficients). 
(2) Choose dl which matches bl and choose cn which matches bn. (A represents the weighting 
factor used.) 
I max I rain 
bi 84 87 82 
[ci, di] [0.366, 0485] [0.34, 0.422] [0.189, 0.211] 
A A 
(3) Calculate a'  and w' .  
87 x 0.422 + 82 × 0.189 52.212 
b I=  - - -  --85.45, 
0.422 + 0.189 0.611 
c '  = d t = w t = 0.611. 
(4) First delete coefficients 87 and 82, and their corresponding weighting factors [0.34,0.422] 
and [0.189,0.211]; then replace with b' -- 85.45 and c ' = d ~ = 0.611. 
Loop 2. 
(i) 
(2) 
I min $ max 
bi 84 85.45 
[ci, di] [0.366, 0.485] [0.611,0.611] 
A A 
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(3) Calculate a I and w'. 
85.45 x 0.611 + 84 x 0.366 82.96 
b / . . . .  84.91, 
0.611 + 0.366 0.977 
c I - d' = w' = 0.977. 
(4) First delete coefficients 84 and 85.45, and their corresponding weighting factors [0.366,0.485] 
and [0.611,0.611]; then replace with b ~ = 84.91 and c' = d' = 0.977. 
Thus, we finally obtain the solution for the upper bound max{fu} = 84.91. 
The desired interval for the teaching performance for Teacher A at confidence level a ~- 1 is 
[82.91,84.91] which is just equal to [min{fL}, max{fu}]. The total computation is only 2(n - 1) 
and each one is a simple fraction calculation for f (Wl ,  w2) = (a lwl  + a2w2)/ (wi  + w2). 
The fuzzy performance score for criteria AI and A3 and the total overall performance A0 for 
the three teachers can be obtained in the same way and the results are summarized in Tables 12 
and 13. 
Table 12. a-cut fuzzy performance for A1, A3. 
Teacher A 
Teacher B 
Teacher C 
A1 
1 [82.9,84.9] 
2 
[81.0,87.6] 
1 
[79.2,89.71 
1 [80.1,83.01 
2 
g [78'3'84"91 
1 
5 [76.2,86.4] 
1 [84.3,86.51 
2 
5 [82.3,88.0] 
1 
g [80.5,89.61 
A3 
[79.1,81.8] 
[76.9,83.4] 
[74.7,86.0] 
[83.7,85.6] 
[81.6,88.3] 
[79.7,90.5] 
[74.7,76.8] 
[73.5,78.0] 
[70.9,79.3] 
Table 13. a-cut overall fuzzy performance, Ao. 
A Teacher B Teacher C Teacher 
1 [81.0,83.4] 
2 [78.6,86.0] 
1 [76.7,88.5] 
5 
[79.1,82.1] 
[77.1,84.5] 
[74.4,86.6] 
[82.1,84.4] 
[79.6,86.5] 
[76.7,88.6] 
From Table 13, we can conclude that the performance of Teacher C is superior to both A 
and B, and Teacher B has the worst performance among the three teachers. 
6. CONCLUSION 
Viewing on the situations of higher education management system, the decision making envi- 
ronment is varied from department to department, both in technical achievement efforts as well 
as in long range planning correspondence to external social environments, and it is also varied 
from educational function to administrative function. In order to get moderate accurate results 
for the performance evaluation on higher education management system, 
(1) a multiple level hierarchical performance evaluation structure with related criteria located 
in each level should be constructed properly, and their corresponding comparative weight- 
ing factor should be estimated accurately; 
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(2) a well-qualified committee, but not an individual, should always be set up to take respon- 
sibility for the performance evaluation task; 
(3) the judgement from experts are always in vague rather than in crisp numbers, then the 
judgement intervals hould be expressed in the fuzzy number instead of in the crisp number. 
The methodologies we discussed in this paper are a good approach for performance evaluation 
on group decision making under fuzzy environments, which is an efficient tool in solving the 
performance evaluation problems concerned with the advantages as follows. 
(1) Hierarchical structure is a good approach to describe the complicated system, the rela- 
tionship among all related criteria can be set simple in structure and easy in operation. 
(2) AHP methodology based on pairwise comparison element is a suitable tool to estimate 
criteria weighting which can get the results in quantitative manners. 
(3) It is suitable and flexible to express the judgement of experts in fuzzy number instead of 
in crisp number because the decision making environment is always vague. 
(4) Fuzzy number in terms of interval of confidence of different a level represent the decision 
makers who are making decision under uncertainty. 
(5) Actual applications in Yuan-Ze Institute of Technology proved that the approach presented 
in this paper is very useful. 
The final aims of performance evaluation is not to get the performance score, but to get the 
information for improvement. Even then, the computation of performance score still takes the 
critical role to decide the degree of performance in terms of quantitative manners. It is no 
wonder that the contents in this paper is useful and achievable in solving performance evaluation 
problems. 
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